In order to improve the quality of the environment as well as its purification capacity, to reduce environmental costs and achieve clean and efficient management of malodorous gas pollution, on the basis of fully understanding the theory of biotechnology, this paper presents the research of biotechnology to control the pollution of malodorous pollutants. In this research, the biofiltration method was used to control the odour gas ammonia produced in waste composting, which can effectively purify gases, with a high ammonia removal rate. One week after the ammonia removal experiment, the removal rate was detected to be around 79.3 %. Twenty-four days after the experiment, the removal rate stabilized at around 98 %. Through the test of pH value of nutrient solution, it was found that the change in pH value corresponded to the increase in removal rate. There are many advantages of applying biotechnology to filter malodorous polluted gases, such as low energy consumption, high degree of purification, good environmental compatibility, simple operation and maintenance, and no secondary pollution. Therefore, it has good application prospects. a biofilter filled with filler to contact with the biological membrane attached to the surface of the filler in order to be converted into simple inorganic matter after being degraded by the microorganism, and discharges the purified gas from the top of the filter. Its characteristics are that biological phase and liquid phase are not flowing and there is only one reactor-biofilter. The filler of the biofilter needs to maintain a certain pH range and nutrition to ensure metabolic requirements. The biological filtration method uses a combination of liquid absorption and biological treatment, and its essence of removing pollutants is to take the malodorous gas as the nutrient for the microbial life activities so that it is absorbed, metabolized, and utilized by microorganisms. When the biodegradation of malodorous gases is carried out using biofilter, the physical and chemical properties of the contaminants may have a certain effect on the treatment effect of the reactor. Therefore, it is essential to select the appropriate microorganisms to ensure the deodorization efficiency. The performance of the reactor in biological filtration is important, and the performance parameters of the biofilter include residence time, removal load, 9 removal rate, etc. The removal load of the pollutant volume refers to the amount of removed contaminants per unit per volume by the packing layer, which is the most important parameter for evaluating the filter performance. The national standard GB14554-93 defines a malodorous gas 10 as a gaseous substance that stimulates the olfactory organ, causes unpleasant mood, and damages the living environment. It is mainly derived from industrial production, municipal sewage, sludge treatment, and waste disposal facilities. According to their composition, odour gases can be divided into five categories: sulphur compounds, nitrogen compounds, halogen and its derivatives, hydrocarbons, and oxygen-containing organic matter. Different treatment facilities and processes will produce different malodorous gases. For example, sewage treatment plants will produce H 2 S odour, waste composting will produce NH 3 , amines, sulphides, fatty acids and other odours, sludge drying will produce mercaptans and dimethyl sulphide gas. This study is aimed at the control experiment of NH 3 produced during the process of waste composting. NH 3 is one of the major components of malodorous gases and has corrosive and stimulating effects on the exposed skin tissues. When its concentration is too high, it is even likely to cause cardiac arrest and respiratory arrest through the reflex of the trigeminal nerve endings.
Introduction
With the development of economy and the improvement of people's living standard, the problem of domestic waste has become increasingly prominent. Municipal solid waste disposal methods include composting, incineration and landfill. Currently, the composting method that has a high harmlessness degree is mainly adopted. However, the garbage composting process produces a large amount of ammonia-based malodorous gases that can cause environmental destruction, which has deeply concerned many scholars. R. Kikuchi 1 confirmed through an experiment that foul air containing 600 mg l −1 ammonia could be cleaned using soil filter with a removal rate of 98.5 %. In addition, the concentrations of methyl mercaptan, dimethyl sulphide, dimethyl disulphide, formaldehyde, and trimethylamine have also been significantly reduced. M. Dehghani et al. 2 studied the feasibility of using a trickling filter to remove faecal gases from septic tanks. The study used a drip system to measure hydrogen sulphide and ammonia concentrations to control the odour and determine the ability of filtration. Under optimum conditions, the filter bed with an empty bed residence time of 200 s was able to remove 99.9 % H 2 S, suggesting that trickle filters were an affordable and cost-effective way to remove hydrogen sulphide from septic tanks. Q. D. Zhang et al. 3 discussed the filler of a composite biotin filter inoculated with toluene degraded microorganisms, which was composed of sawdust, peat and compost, with high organic matter content, high specific surface area, good water retention, good permeability, diversified microbial systems, and intrinsic nutrition. They found that it could reach a removal rate of 92 % at different toluene concentrations. Therefore, the application of the biological treatment technology to control polluted malodorous gases has the advantages of low cost, simple operation, convenient maintenance, no secondary pollution, and it can purify the polluted gases cleanly and efficiently, thereby improving the quality of the environment and the living standards of people.
Biological filtration technology
The biological method 4 refers to the process that converts contaminants into harmless or less harmful substances with the microbial oxidation and decomposition effects. The gas contaminants are transferred through the gas and water interfaces to the biofilm attached to the surface of the filler; the microorganism in the biofilm takes the gas pollutants as its substrate for growth and reproduction, and decomposes macromolecules or complex organic molecules into CO 2 , H 2 O and other inorganic substances through catabolism in order to reach the purpose of purifying the polluted gases. Currently, the main malodorous gas biological control technology includes biological scrubbing tower, 5 biological filter tower, 6 and bio-trickling filter. 7 Despite its advantages, the biological filtration method also has its shortcomings, such as difficulty in controlling the degradation parameters, high risk of collapse of the filler, etc. As shown in Fig. 1 , the biological filtration 8 method is one of many methods used for separation in biotechnology, that passes the malodorous gas with humidifying treatment into a biofilter filled with filler to contact with the biological membrane attached to the surface of the filler in order to be converted into simple inorganic matter after being degraded by the microorganism, and discharges the purified gas from the top of the filter. Its characteristics are that biological phase and liquid phase are not flowing and there is only one reactor-biofilter. The filler of the biofilter needs to maintain a certain pH range and nutrition to ensure metabolic requirements. The biological filtration method uses a combination of liquid absorption and biological treatment, and its essence of removing pollutants is to take the malodorous gas as the nutrient for the microbial life activities so that it is absorbed, metabolized, and utilized by microorganisms. When the biodegradation of malodorous gases is carried out using biofilter, the physical and chemical properties of the contaminants may have a certain effect on the treatment effect of the reactor. Therefore, it is essential to select the appropriate microorganisms to ensure the deodorization efficiency. The performance of the reactor in biological filtration is important, and the performance parameters of the biofilter include residence time, removal load, 9 removal rate, etc. The removal load of the pollutant volume refers to the amount of removed contaminants per unit per volume by the packing layer, which is the most important parameter for evaluating the filter performance. The national standard GB14554-93 defines a malodorous gas 10 as a gaseous substance that stimulates the olfactory organ, causes unpleasant mood, and damages the living environment. It is mainly derived from industrial production, municipal sewage, sludge treatment, and waste disposal facilities. According to their composition, odour gases can be divided into five categories: sulphur compounds, nitrogen compounds, halogen and its derivatives, hydrocarbons, and oxygen-containing organic matter. Different treatment facilities and processes will produce different malodorous gases. For example, sewage treatment plants will produce H 2 S odour, waste composting will produce NH 3 , amines, sulphides, fatty acids and other odours, sludge drying will produce mercaptans and dimethyl sulphide gas. This study is aimed at the control experiment of NH 3 produced during the process of waste composting. NH 3 is one of the major components of malodorous gases and has corrosive and stimulating effects on the exposed skin tissues. When its concentration is too high, it is even likely to cause cardiac arrest and respiratory arrest through the reflex of the trigeminal nerve endings. 
Malodorous gas treatment experiment with filter

Experimental purpose
In order to verify the effect of biological filtration on the filtration of malodorous gases, NH 3 removal experiments were carried out.
Experimental materials and methods
(1) Degrading bacteria
The activated sludge 12 of an aeration tank of a domestic sewage treatment plant in Hangzhou, Zhejiang province was adopted in this experiment to treat the sewage containing metabolic waste and food residues. The activated sludge had high microbial content, and the main microorganisms were aerobic isolates, yeasts, etc. The degrading bacteria with denitrification ability were screened out by the domestication breeding 13 method and placed in the filling layer for growth and biofilm culturing.
(2) Waste gas The exhaust gas used in the experiment was the NH 3 exhaust with a high purity after dilution. The composition and proportion of the circulating nutrient solution were as follows:
.
(3) Biological filter tower
The tower is divided into two layers, placed with two layers of packing which are supported by a plexiglass plate. A layer of gauze is paved on the gas plate and multiple pores are opened on the plate to avoid obstruction. For the selection of packing material, compost and microporous medical stone were chosen because of their rough surface and large specific surface area which is conducive to biofilm attachment and their low price as well as their capacity to release a variety of trace elements to provide inorganic nutrients for the biofilm. When used, the medical stone is crushed and thoroughly washed with distilled water and dried at 105 °C for 24 h for sieving. The medical stone particles with a particle size of 4 to 5 mm are taken as the packing material of the biological filter.
(4) Degradation principle
Nitrification is completed based on the activities of nitrifying bacteria. 14 The reaction process of nitrite bacteria oxidating ammonia is as follows:
The synthesis of organic matter is as follows:
Then, the nitrifying bacteria oxidate the nitrous acid into nitric acid as follows:
Then, nitrifying bacteria use the ATP formed in the above reaction to assimilate carbon dioxide and synthesize intracellular organic matter as follows:
The biodegradation process of NH 3 is as follows:
After entering the bioreactor, NH 3 was adsorbed on the surface of the moist biofilm through the gas film and transferred from the gas phase into the liquid phase. Under the impetus of liquid concentration, it entered the biofilm through the liquid film and then degraded by microorganisms. Afterwards, the nitrosomonas within the biofilm oxidated and decomposed NH 4 + into NO 2 − . Then, was again oxidated and decomposed by nitrifying bacteria into NO 3 − .
(5) Processing flow
After being humidified, the malodorous gas enters into the biofilter and the contaminants in the gas are attached to the biofilm 15 of the filler layer due to diffusion and absorbed by the microorganisms and decomposed into water and other odourless substances in the biological cells. Finally, the purified gas is discharged from the top.
(6) Detection method
The concentration of ammonia is mainly determined by Nessler's reagent colorimetric method. 16 Mercury(II) iodide and potassium iodide alkaline solution reacts with ammonia to produce a reddish brown colloidal compound whose chroma is proportional to the ammonia content. Then, the absorbance can be measured in the wavelength range of 410-425 nm. Then the mass concentration of ammonia is calculated through the following formula:
where V s refers to the total volume of sample; V 0 refers to the volume of the liquid taken for analysis; V nd refers to the volume of gas at standard state (101.325 kPa, 273 K); A refers to the absorbance of the sample solution; A 0 refers to the blank absorbance of the absorbent liquid prepared together with the samples; a refers to the regression line intercept, and b refers to the regression line slope.
The ammonia removal rate is the ratio of ammonia concentration difference between the inlet and outlet of the purification device and the inlet ammonia concentration, which can be calculated through the following formula:
where c in and c out refer to the inlet and outlet ammonia concentration, respectively. However, ammonia is easily soluble in water, so there is a certain error. Depending on the removal rate, the filtration effect and the degree of purification can be obtained. The pH of the nutrient solution in the filter is measured with a pH meter.
Experimental process
Before the experiment, the reaction temperature was maintained at around 25 °C. Configure the buffer solution and set the initial pH value at 6.8. In order to prevent the filter bed acidification, add lime as a buffer to the filter media. During the experiment, the pH value increased first and then decreased. The nutrient solution spray was 60 ml min −1 . The intermittent ventilation oxygen supply mode was adopted and the ventilation time and number were adjusted according to the reaction that was carried out for 21 days. After starting the filter, the wetted treated exhaust gas was passed through the bottom perforated tube into a biofilter which had been acclimated. The parameters were strictly controlled and real-time detection of import and export of exhaust gas concentration, pH value, and dissolved oxygen were realized through the ammonia detector and Nessler reagent colorimetric method. 
Experimental results
After a week of domestication, the gas concentration at the inlet and outlet of the equipment detected was compared. The concentration of ammonia detected at the inlet of the biological filter was 4.2 mg m −3 , and the detected odour concentration was 2500 dimensionless. The ammonia concentration was 0.87 mg m −3 and the odour concentration was 37 dimensionless. The removal rate of ammonia gas was about 79.3 % after one week. It can be seen that it is feasible to remove ammonia gas by the biological filtration method, but the specific purification effect needs to be further prolonged. The filter run time was extended to 21 days to study the volume removal load, ammonia removal rate, and pH changes. The odour load into the biofilter is controlled by adjusting the intake air concentration and intake air flow of the odour, and the trend is observed. During the 21 days of the biofilter operation, the volume of NH 3 removed by the filter increased with time.
As shown in Fig. 2 , during the operation of the filter, the removal rate of NH 3 increases as the run time increases, because the purification ability is weak at the initial stage since the biofilm is not yet formed. In the meantime, the capacity of the biofilter increases as the biomass increases with time. In the first 9 days, the growing rate is obvious, which is 72 % on the third day, 78.7 % on the sixth day, and 92.4 % on the ninth day, which tends to ease afterwards when the biofilm is basically formed, which marks the end of the start-up phase of the filter. After the biological filter treatment, the removal rate of ammonia is up to 98 %, reaching the odorous pollutant discharge standards. As shown in Fig. 3 , the pH of the circulating nutrient solution shows an obvious trend from increasing to decreasing, which firstly increased to 8.4 on the 15 th day from the initial value of 6.8, and then decreased to 5.9, gradually turning into acid state. Ammonia is easy to dissolve in water and initial ammonia concentration is too high, while the microbial reaction is slow. Therefore, some odour that is not degraded timely will produce a large number of hydroxide anions after dissolving in water, resulting in an increase in the pH value of the filler in the biological filter. With the further progress of microbial reactions, ammonia will gradually be degraded, with the pH value declining gradually, which will have a direct impact on the growth of microorganisms and the ammonia removal rate.
Discussion and conclusion
In this paper, the biofiltration method was used to control the ammonia produced during the composting process. After testing, the purification capacity of the biological filter increased with the increase in running time. After treatment of waste gas, the ammonia removal rate was up to 98 %, with no secondary pollution, proving that biological filtration is a clean and efficient pollution control technology. However, there are also problems of long membrane-forming time, acidification of the nutrient solution and waste liquor recovery, etc. Therefore, future research needs to be carried out to solve these problems.
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